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Synthèse sélective d’alcènes tétrasubstitués comme mime de nucléosides

T. Lequeux E. Pfund X. Feng C. Lebargy

Axe 1 : Fluoroalcènes = acyclonucléosides
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Synthèse d’acyclonucléosides comme mimes de nucléosides

Ouverture sélective contrôlée par l’atome de fluor
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Axe 2 : Isostères de phosphates et oligonucléotides
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Oligonucleotide sequence

UUUUUURFUUUUdTdT
URFUUUURFUUUURFUdTdT
(URF)10dTdT

ΔTm

+1.1 °C
+3.4 °C
+7.6 °C

Meilleure stabilités des duplex

The effect of the 2′-difluorophosphonylated allyl ether on
the sugar conformation of nucleosides 4−6 in solution was
evaluated by 1H NMR. In these cases, compounds 4, 5
(3JH1′−H2′ = 1.9 Hz), and 6 (3JH1′−H2′ = 2.5 Hz) favor a C3′-endo
conformation in agreement with the literature where a typical
C3′-endo sugar pocket affords a 3JH1′−H2′ value around 2 Hz
against 8 Hz for a C2′-endo conformation.16 In addition, the
percentage of C3′-endo was estimated using the relationship %
C3′-endo = 100 − [(3JH1′−H2′ × 100)/10.1].8b,17 By this
method, the percentage of C3′-endo was around 80% for
nucleosides 4 and 5 and 75% for phosphoramidite 6. These
results were confirmed by NOE-selective 1D experiments with
diol 4 in which a NOE effect was observed for H-2′ when H-1′
was excited due to a spatial proximity of these two protons
(Figure 3b).
Having in hand a large amount of phosphoramidite 6, its

oligomerization using automated DNA synthesizer was next
studied. First, we designed several 2′-O-modified homour-
idylates with one modification in the middle of the sequence
(ON 8), three modifications spread out over the sequence
(ON 9), and 10 modifications (ON 10). Fluorinated 21-mer
ONs incorporating one and three URF spread out over the
sequence were also considered (ON 15 and 16). These latter
correspond to the sense strand of miR-342-3p that functions as
a tumor suppressor.18 The comparison was performed with the
same modified sequences containing 2′-O-allyluridine (ONs
11, 12, 17, and 18). For the homouridylates models, syntheses
were realized on a 0.2 μmol scale for ONs 8, 9, 11, and 12 and
0.5 μmol scale for ONs 10 and 13. The synthesis of the
modified 21-mer ONs 15−18 were performed on a 1 μmol
scale. ONs were synthesized using the 2′-O-AlCF2P uridine
phosphoramidite 6, the 2′-O-allyluridine phosphoramidite, and
commercially available 2′-O-pivaloyloxymethyl (PivOM) ribo-
nucleosides phosphoramidite as the 2′-OH precursor by using
commercially available controlled pore glass (LCAA-CPG)
linked to the first nucleoside through a 3′-O-succinyl linker.19
ON elongation was carried out upon following a published
automated RNA synthetic procedure with a 180 s coupling
step and 5-benzylmercaptotetrazole (BMT) as the activator. A
double coupling step of 180 s was required for the modified
phosphoramidite 6. After elongation, cyanoethyl groups
(CNE) were first deprotected by DBU, and then an ammonia
treatment removed acyl and 2′-O-PivOM groups and released
oligonucleotides from the solid support.19 The crude
oligonucleotides were purified by reversed-phase HPLC (RP-

HPLC) (ON 8−13) or ion-exchange HPLC (IEX-HPLC)
(ON 15−18) and characterized by MALDI-TOF mass
spectrometry (Table S1 and Figures S10−S19). These results
describe the first examples of ONs containing the difluor-
ophosphonate moiety.
As previously reported,20 ON lipohilicity was evaluated by

RP-HPLC (Figure 4). Fluorinated ON 10, having a much

higher retention time compared to the unmodified ON 7 and
its nonfluorinated analogue 13, exhibited an increased
lipophilic character. That could facilitate cellular uptake of
such ONs as already mentioned in the literature.21

The melting temperature study of each ON was next
realized. After hybridization to their complementary unmodi-
fied RNA strands (rA12), thermal stability of the formed duplex
was measured by UV-melting experiments and compared to
the unmodified duplex (Table 1 and Figures S20 and S21). A
single URF introduction in the sequence increases the thermal
stability by 1.1 °C and by 3.4 °C with 3 incorporations of this
fluorinated nucleoside (entries 1−3). This effect seems to be
related to the presence of the difluorophosphonate function. In
fact, a single introduction of the nonfluorinated allylic
nucleoside UAL destabilizes the duplex, while three UAL
incorporations raise the thermal stability by 1.5 °C only,
versus 3.4 °C with the corresponding fluorinated oligonucleo-
tide (entries 1, 3, 5, and 6). The same stabilization effect was
obtained in the 21-mer ON series (entries 9−12). High duplex
stabilization (ΔTm = +7.6 and +10.6 °C) was also observed
with ONs 4 and 7 containing either 10 URF or 10 UAL (entries
1, 4, and 7). Concerning ON 7, our obtained results are
consistent with those from the literature where 2′-O-allyl-
oligonucleotides exhibit a good thermal stability when
annealed with their complementary RNA strands.11 In
addition, circular dichroism (CD) spectra were also recorded
and revealed that URF incorporations do not affect the
secondary structure of a standard A-shape RNA helix (Figures
S22 and S23).
The enzymatic stability of (UOH)10dTdT 7, (UAL)10dTdT

13, and (URF)10dTdT 10 was then studied toward 3′-
exonuclease and was monitored by RP-HPLC and MALDI-
TOF mass spectrometry (Figures 5 and S24−S26). After

Figure 3. NOE-selective 1D experiments for compound 4: (a)
irradiation of H-7, (b) irradiation of H-1′.

Figure 4. Comparison of lypophilicities of ON 7, 10, and 13. RP-
HPLC chromatograms of (a) ON 7, (b) ON 13, and (c) ON 10. RP-
HPLC analysis conditions: column Accucore AQ, 50 × 4,6 mm,
elution with a 10 min linear gradient of 0−70% of B (50 mM TEAAc,
80% ACN, pH 7) in eluent A (50 mM TEAAc, 1% ACN, pH 7).
Column temperature 30 °C. λ 260 nm. Flow rate: 1.9 mL·min−1.
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Axe 3 : Photocatalyse, chimie radicalaire

Photocatalytic aminofluoroalkylation of alkenes from sulfinates

ü   Easy-to-handle

ü   Generate radicals easily

ü   Stable source

Advantages
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